The concentration of the chlorine in phosphate ester fire-resistant oils needs to be controlled strictly, because it is crucially related to the corrosion of debug system and it is considered as an important indicator to find the hidden faults. It is confirmed that the chlorine content can be tested accurately and conveniently using energy dispersive X-ray fluorescence (EDXRF) spectrometry, due to many advantageous features of this method, namely, rapid response, high sensitivity and good measure precision. The preparation of standard samples and the optimization of analytical conditions are discussed in this paper; then a series of experiments is performed to verify the accuracy of this method. Test results of the samples with chlorine content more than 10mg•kg -1 show that the precision of the proposed measurement method is above 89%, and its repeatability is above 97%. This work not only can provide a feasible method for the rapid detection of chlorine content in phosphate ester fire-resistant oils, but also gives a promising application in power industry.
INTRODUCTION
Phosphate ester fire-resistant oils have attracted extensive interest because of their novel flame retardant property in electro-hydraulic debugging system for coalfired power units [1] . Chlorine content is one of its important chemical indicators [2] , on account of excessive chlorine content will lead to the corrosion, jam fault and even serious accidents of the servo valve of debug system. At present, the usual analysis method of chlorine content for fire-resistant oil are high-temperature combustion microcoulometricy method (HTCM) and oxygen steel bomb method [3] . However, oxygen steel bomb method is time-consuming, and requires multiple steps, the titration end point of which is not obvious, particularly accuracy and reproducibility of the detected low chlorine content of the samples are poor. In addition, the titrant, mercuric nitrate, is a kind of toxic agent, which has an adverse effect on the testers and the environment. HTCM provides the high detection efficiency as well as superior detection accuracy, but the presence of acetic acid and volatile cell maintenance work bring some inconvenience to our work. Energydispersive X-ray fluorescence (EDXRF) spectrometry is a rapid, highly accurate, and environment friendly analysis compared with the above detection methods on the measure of chlorine content.
X-ray fluorescence (XRF) spectrometry analyzers are usually classified by wavelength or energy dispersion for X-ray line detection and analysis [4] . XRF spectrometry has been utilized in the laboratory for many years [5] . Portable XRF technology has gained widespread acceptance in the energetic territories as a viable analytical approach for field applications due to the availability of efficient radioisotope source excitation combined with highly sensitive detectors and their associated electronics. While wavelength dispersive X-ray fluorescence spectrometer (WDXRF) has been the mainstay of laboratory instrumentation, EDXRF spectrometry exhibits several advantages over WDXRF for field instrumentation primarily due to the ease of use and portability of EDXRF equipment. This work can offer a new level to the preparation of standard sample of chlorine content, and also give insight into the correlation of research and application through the introduction of EDXRF method. 
MATERIALS AND METHODS

Reagents and Equipment
Measurements were carried out in an X-ray fluorescence beamline on the No.8 secondary target HOPG (Bragg Crystal) with Helium system. For the X-ray detection, a Si detector was employed, with 800 eV resolution at Mn Kα line. For the excitation, X-Ray tube is working at 17.5 kV and 20mA with a maximum energy field of 12.5 Kev. The Kα line (2.62keV) of elemental chlorine is used for qualitative. The samples and the standards were excited for 300 s. To prepare the sample, C6H5Cl, in analytical grade, was used. The sample boxes and the films should be corrosion-resistant to chemical samples, as well as meet the requirements of the X-ray fluorescence spectrometer. Polyethylene film (PE), polypropylene film (PP), polyester film (PET), polyimide film (PI) are the most commonly used films.
Preparation of Phosphate Ester Fire-Resistant Fluids Standard Sample
The phosphate ester fire-resistant fluids of low chlorine content is taken as blank sample, the chlorine content of which can be detected by HTCM according to DL/T 1206. Standard samples was made of the homogeneous mixture of a certain quality of standard samples and blank sample. Figure 1 shows the information of a series of standard samples of different chlorine content. 
RESULTS AND DISCUSSION
The Effect of Water Content
Water, whose mass ratio is 0, was then added to the samples with strong shaking of 2h. A series of samples were also prepared from different water mass ratio of 0.1%, 0.2%, 0.3%, 0.4% and 0.5% under otherwise identical experimental condition. Chlorine content of the above samples is measured by EDXRF method, and the result is presented in figure 2 . The test results of the relative standard deviation of the above samples is 0.76%, which thus led us to believe that the different water mass ratio should have no effect on chlorine content tested by EDXRF method.
Repeatability
The repeatability test is conducted for eight time (Table I) . Measured values showed relative SDs (RSDs) lower than 4% for all of the data in the analyzed standard, which shows good repeatability and high precision of EDXRF method.
Recovery Rate
In order to know the recovery rate, samples of different quality were mixed whose chlorine content are given (842.0mg·kg-1, 73.2mg·kg-1), and then detect the chlorine content of the mixture. Thus, the recovery rate is calculated by the comparison of the test results and calculation results. Table II shows the recovery rate of all the five different samples is over 93% 
Accuracy
To evaluate the accuracy of XRF method, the average test data of the coulometic method is set as given value. According to the comparison of the test results of the two methods (Table III) , the absolute error of detection results of the above two method is less than 10 mg·kg-1. The relative error of samples of the above two methods whose chlorine content over 20mg·kg-1 is less than 10%. The relative error of samples of these two methods whose chlorine content under 20mg·kg-1 is less than 20%. As a result, EDXRF method for chlorine content in the phosphate ester fire-resistant fluids has a better accuracy than coulometic method.
Synergy Test
The synergy test of accuracy is based on GB/T 6379. 2-2004[6] . 5 samples were tested in 7 laboratory according to the same method for each determination for a certain number of times. All these measurement results are summarized and checked, judge the consistency of variance, outliers test sector and the sector outside the laboratory, measurement values accepted statistical calculations, calculated interlab precision and laboratory precision.
According to figure 4, the repeatability limit and reproducibility limit are irrelevant to the chlorine content when the chlorine content is more than 10mg·kg-1. The accuracy, hence, is as followed:
As to the repeatability limit, for samples whose chlorine content is less than 10mg•kg-1, the difference between two test results is less than 22% of the average; for samples whose chlorine content is more than 10 mg•kg-1, the difference between two test results is less than 6% of the average.
As to the reproducibility limit, for samples whose chlorine content is less than 10mg•kg-1, the difference between two lab results is less than 32% of the average; for samples whose chlorine content is more than 10 mg•kg-1, the difference between two lab test results is less than 22% of the average. For samples whose chlorine content is more than 10mg·kg-1, the average repeatability limits of the proposed measurement method is 2.8%, whereas its average reproducibility is 10.6%.
For samples whose chlorine content is less than 10mg·kg-1, the average repeatability of the proposed measurement method is 11.3%, whereas its average reproducibility is 15.9%. Figure 4 . The reproducibility limit and repeatability limit of standard sample.
CONCLUSIONS
In summary, EDXRF has advantages as a simple and sensitive determination and good analytical features for chlorine content analyses. Simple calibration was achieved by using C6H5Cl diluted in the phosphate ester fire-resistant fluids of low chlorine content for calibration, which allowed matching with the chlorine signals obtained in the fire-resistant fluids. EDXRF is shown to be a useful technique for trace chlorine content, which bridge a gap between the ideal theoretical research and realistic applications.
